ABSTRACT Light-emitting diode (LED) lights are becoming more affordable for agricultural applications. Despite many lab-scale studies concerning impact of LED on poultry, little research has been documented under field production conditions, especially for laying hens. This 15-month field study was carried out to evaluate the effects of LED vs. fluorescent (FL) lights on laying hens (Dekalb white breed) using 4 (2 pairs) aviary hen houses each at a nominal capacity of 50,000 hens. The evaluation was done regarding operational characteristics of the lights and hen production traits. The results show that spatial distribution of the LED light was less uniform than that of the FL light. Light intensity of the LED light decreased by 27% after 3,360 h use but remained quite steady from 3,360 to 5,760 h use. Eleven out of 762 (1.44%) LED lamps (new at onset of the study) in the 2 houses failed during the 15-month experiment period. The neck area of the LED lamp was hottest, presumably the primary reason for the lamp failure as cracks were noticed in the neck region of all failed LED lamps. No differences were observed in egg weight, henday egg production, feed use, and mortality rate between LED and FL regimens. However, hens under the FL had higher eggs per hen housed and better feed conversion than those under the LED during 20 to 70 wk production (P < 0.05). Hens under the LED tended to have less feather uniformity and insulation than those under the FL (P < 0.05). Moreover, hens under the LED showed a larger median avoidance distance than those under the FL at 36 wk age (P < 0.05), indicating that hens under the LED were more alert; but no difference at 60 wk age. More comparative research to quantify behavioral and production responses of different breeds of hens to LED vs. FL lighting seems warranted.
INTRODUCTION
Fluorescent (FL) lighting has been by and large the standard of illumination for poultry production in the United States due to improved energy efficiency and lifespan relative to incandescent lighting. However, light-emitting diode (LED) lights are gaining interest among poultry producers. LED lights are solid-state semiconductor devices that emit light when electrically biased in the forward direction (Benson et al., 2013) . enabled LED lights to emit almost all colors of the visible spectrum, near-ultraviolet, and infrared (IR) light (Schubert et al., 2005) , which provides flexibilities for different applications.
Conventional FL lighting is subject to fast luminance decline over time (i.e., lamp lumen depreciation) and is sensitive to power fluctuations. These problems make it difficult to maintain uniform light intensity throughout animal production cycles. The environmental hazard associated with disposal of FL lamps is another concern, as compact FL lamps contain mercury and require special disposal handling. Compared to FL lights, LED lights have higher energy efficiency, longer expected lifespan, and selectable spectra. Moreover, the cost of LED lamps has been decreasing significantly since their first development and is becoming more affordable for the poultry industry. Nevertheless, caution should be exercised when applying commercial off-the-shelf LED lamps in poultry production facilities. This is because of the operational conditions in poultry facilities, 1 including 1) high humidity and dust levels, 2) poultry having wider-spectral vision than humans, and 3) need for variable power output or dimmable ability to accommodate different production stages or circadian lighting intensity levels (i.e., sunrise and sunset). As a result, lab-scale research has been conducted to investigate effects of poultry-specific LED lamps on meat birds (broilers) and egg-producing birds (laying hens). Min et al. (2012) compared egg quality of hens under incandescent light and white, blue, or red LED lights; and their results indicated that red LED light significantly increased the thickness of eggshell compared to incandescent light. As compared to green, blue, and yellow color lights, red LED light may also reduce hen aggressiveness, accelerate sexual development (HuberEicher et al., 2013) , increase ovary stroma and ovarian follicle numbers (Hassan et al., 2013) , reduce egg weight (Er et al., 2007) , and increase egg production (Borille et al., 2013) . Most of the previous studies related to LED lights were conducted in lab-scale experiments involving small numbers of birds. Little literature could be found about LED light impact on laying hens as compared to FL light under commercial production settings in terms of light operational characteristics, hen productivity, egg quality, and hen well-being.
This study, involving 4 commercial aviary laying hen houses, 2 with LED lights and 2 with FL lights, was conducted to assess the effects of LED vs. FL light on egg production in terms of light distribution, degradation, lamp and holder temperature, hen production performance, and hen activity levels as reflected by the rate of dust settlement, feather condition, and avoidance distance. Egg quality and shelf life were also examined and compared, and the results will be presented in a subsequent companion paper (part 2) due to the large amount of information already contained in the current paper. was divided by wire mesh screens into 10 13.5-m pens along the length direction. The 2 outer litter aisles each measured 3.0-m width (including a 1.2-m wide open litter area and a 1.8-m litter area beneath colony row), and the 2 inner litter aisles each measured 6.0-m width (including a 2.4-m wide open litter area and 2 1.8-m litter areas beneath colony rows).
MATERIALS AND METHODS

Commercial Aviary Hen Houses
All hen houses were cross-ventilated with 20 exhaust fans installed in one side wall of each house. Four fans ran continuously at their full capacity to provide the minimum ventilation, and the remaining 16 fans were controlled to operate on or off to maintain the indoor temperature between 20 and 25
• C. More detailed description of the aviary houses was given by Zhao et al. (2013a) .
Hens and Management
Dekalb white laying hens were introduced to the 4 houses at 18 wk age, with the dates of the young hen placement staggered to maintain a stable farm-level egg production. Specifically, the placement dates (all in 2013) were July 3 for House 1 (H1), July 24 for House 2 (H2), July 31 for House 10 (H10), and August 14 for House 11 (H11). All hens of the study houses were from the same pullet farm. Each house had a nominal flock size of 50,000 hens. The hens were inside the colonies from 9:45 PM to 12:00 PM of the next day (14.25 h) and had access to the litter floor during the remaining hours of 12:00 PM to 9:45 PM (9.75 h) of each day. Feed and water were provided ad libitum.
Lighting
The lighting period in all houses started from 12 h at 18 wk age and was gradually increased to 16 h at 24 wk age and onward. From 24 wk age onward, lights came on gradually, starting at 5:45 AM, and fully on at 6:00 AM. In the evening, lights were dimmed down, starting at 8:45 PM, and completely off at 9:45 PM. The gradual lighting and dimming periods were to simulate sunrise and sunset, respectively. The dimming also encouraged the hens to return to their colonies at night.
Light arrangement. H1 and H11 had FL lights (14 W, Overdrive Cleveland, OH for light lamps in H1; and 14 W, Premium Quality Lighting, Simi Valley, CA for light lamps in H11). H2 and H10 used LED lights (8 W, Nodark Biological Lighting Co. Ltd., Wuxi, China) which were new at the onset of the study. Spectral profiles of the LED and FL lights (with the LED and FL lights obtained from the study houses) were measured at the same light intensity of 170 lux using a light spectrometer (Once Innovation Inc., Plymouth, MN). As shown in Figure 2 , the FL lights in H1 and H11 showed nearly identical spectral profiles, whereas the LED light had a notably different spectral profile.
H1 and H2 had the same light arrangement. Namely, each house was installed with 426 light lamps, including 90 hanging light lamps per service aisle (270 lamps for 3 In all houses, the distances between 2 adjacent ceiling lights and light clusters were 3.6 m. Due to similar light arrangement and hen ages, H1 and H2 were treated as Pair 1, whereas H10 and H11 as Pair 2. The 2 pairs thus yielded 2 replicates for each lighting regimen.
Light cover. All the FL lamps in H1 and H11 were covered with glass enclosures. In H2 and H10 (the LED houses), some lamps were covered with glass enclosures, including the ceiling lights above the 2 inner litter areas of H2 and the ceiling lights above the 2 outer litter areas of H10, while other lamps were not. The glass enclosures reduced the light intensity by ∼10% for both the LED and FL lights.
Light intensity. Light intensity at 23 cm (approximate height of a standing hen) above the litter area was adjusted to similar levels (5 to 9 lux) in the 4 houses. Since the light placement in the service aisles differed between the house pairs, it was impossible to adjust light intensity to the same level across all houses. The lights in the service aisles were adjusted to meet the minimum light intensity requirement of 5 lux at the feeder troughs.
Measurements
Thermal environment including temperature and relative humidity (RH), light distribution, LED light degradation, light (cover, lamp, neck and holder) temperatures, dust accumulation rate (DAR), and several hen welfare variables (feather condition and avoidance distance) were measured in this study. Weekly hen production performance data were collected from the producer. Indoor and outdoor temperature and RH were continuously monitored from September 2013 to September 2014. Light distribution above the litter areas in all houses were examined in July 2014. The LED lights at new condition and after 3,360 and 5,760 h usage were evaluated to determine their luminance degradation. Light cover, lamp, neck, and holder temperatures were measured in November 2013. DAR was evaluated on 2 occasions (November 2013 and January 2014). Feather condition and avoidance distance of the hens were evaluated at 36 and 60 wk age.
Thermal environment. Three portable T/RH data loggers (HOBO Pro/HOBO U23 Pro v2, Onset Computer Co., Bourne, MA) were installed in each house. Two loggers inside perforated cylindrical polyvinyl chloride (PVC) enclosures were installed inside the colonies near 2 walls, and the third was installed about 0.5 m above the inner litter floor area. Two data loggers were also installed to monitor ambient temperature and RH. All data loggers continually measured temperature and RH at 10-min intervals throughout the monitoring period.
Light intensity distribution above litter area. Light intensity distribution at horizontal surface 23 cm above litter floor was measured underneath 4 individual lights of inner litter area in each house. The horizontal surface area of the measurement was 3.6 × 2.4 m, covering the full width of the open litter area between 2 paired colony rows. Light intensity at 35 points of the horizontal surface was measured using a light meter (Extech Instruments Co., Waltham, MA). To account for variations of different lights tested, relative light intensity was used to evaluate the uniformity of intensity distribution. The light intensity at the central point of the horizontal surface was set to 100% and light intensities at other 34 points were computed and expressed relative to the central intensity value.
LED light degradation. To evaluate the LED degradation, light spectrum and intensity of 3 new, ten 3,360-hours-old LED lights, and ten 5,760-hours-old LED lights were measured with the light spectrometer in a dark compartment at 110 V AC. All lights were warmed up for at least 10 min before measurement was taken at 71 cm directly under the light.
Light temperatures. The temperatures of light cover (glass enclosure), lamp, neck, and holder of 12 lights (including ceiling and hanging lights) from H1 and H2 (a total of 24 lights) were measured using an IR thermography camera (FLIR Systems, Boston, MA). For lights with covers, IR thermographs of the light were taken both with cover on and upon removal of the cover. For lights operated without covers, thermographs of the lamps were taken as-is. Example thermographs of light cover, lamp, neck, and holder are shown in Figure 3 .
Hen production performance. Weekly production performance data were provided by the producer. The data included egg weight, hen-day egg production, eggs per hen housed, feed use, feed conversion [kg feed (kg egg)
−1 ], and hen mortality. For egg weight, 60 eggs in each house were randomly collected and weighed. Feed wastage was not recorded, but was negligible per our observation.
Dust accumulation rate. DAR was measured by placing 3 glass petri dishes (5.2-cm diameter) on top of the hen colonies along the length of each house to collect settled dust over a 6-day period. The as-is and dry weight (dried at 105
• C for 24 h) of the collected dust was determined. The DAR was expressed on the basis of per m 2 -day and per hen-day, of the following forms:
Feather condition. At 36 and 60 wk age, feather condition of 100 hens randomly chosen from 6 colonies in each house were evaluated using 2 methods, i.e., visual scoring and IR thermography. The visual scoring was performed following the Welfare Quality Assessment Protocol for Poultry (Welfare Quality, 2009 ). This protocol requires the investigator to examine feather conditions of 3 body parts including neck/head, back/rump, and belly; and each part is given a score (Figure 4a ; a = no or slight wear; b = featherless area < 5 cm; c = featherless area ≥ 5 cm). An overall score for each hen was then determined based on the scores of her 3 individual body parts (0 = all parts receiving "a;" 1 = one or more parts receiving "b" but no "c;" 2 = one or more parts receiving "c").
With the IR thermography method (Figure 4b ), an IR imaging was taken to determine the back temperatures of each hen following the protocol described by Zhao et al. (2013b) . Coefficient of variation (CV) of the back temperatures reflects the uniformity of the back feather coverage; and temperature difference between the environment and average back temperature of the hen reflects the feather insulation.
Avoidance distance. Hens' reaction to an approaching human was examined to evaluate human-hen interaction under the LED vs. FL lights. The test was done following Welfare Quality Assessment Protocol for Poultry (Welfare Quality, 2009) with adaption. The assessor walked along the service aisle toward the selected hen whose head was out of the colony. The person approached the selected hen from about 6-m away at a speed of 1 step s −1 , and stopped when the hen withdrew her head. The distance between the assessor and the position of the hen prior to head withdrawal was measured to the nearest 0.05 m. This distance was referred to as the avoidance distance. The avoidance distances of 7 birds per service aisle (a total of 21 hens per house) were determined. All hens were randomly selected from the same tier at waist height of the assessor (about 1 m above the floor).
Statistical Analysis
All statistical analyses were performed using SAS 9.3 (SAS Institute, Inc., Cary, NC). The t-tests were performed to examine the differences in thermal environment, light distribution, LED light degradation, and light temperature. Mixed models were used to examine the effect of light types and ages on production performance, feather coverage condition, DAR, and avoidance distance. The model is of the following form:
Where Y ijz denotes the independent observation for light type i in pair z at j wk age; μ is the overall mean; L i is the light effect; A j is the age effect; P z is the fixed effect of the pair which is the replication; β ij is the interaction effect of light type and age; e z is random effect of house within a pair; and e ijz is the observational error.
The mixed models used MIXED procedure for analysis of all responses except for visual feather score that was tested using GENMOD procedure due to the nature of the data. For all models, light type, hen age, and house pair were designated as fixed factors; and the house was the random factor.
RESULTS AND DISCUSSION
Thermal Environment
Daily mean ambient and indoor temperatures and RH are shown in Figure 5 . Generally, indoor temperatures in all houses were well maintained above 20
• C in wintertime, even on cold days by providing supplemental heat; and the daily mean indoor RH was generally in the range of 50 to 80%. A temperature drop was noticed in all houses on December 8, 2013, due to malfunction of the heating system. From September 13, 2013, to September 13, 2014, daily mean temperature of H1, H2, H10, H11, and ambient were 23.3 ± 1.9, 23.6 ± 2.3, 23.2 ± 2.5, 22.5 ± 2.1, and 7.3 ± 13.8
• C, respectively; daily mean RH of H1, H2, H10, H11 and ambient were 65 ± 8, 62 ± 8, 62 ± 8, 64 ± 8, and 75 ± 10%, respectively. Indoor temperatures and RH in houses of the same pair were similar.
Light Distribution
Figure 6a (LED) and 6b (FL) show the contour charts depicting relative light intensity distributions at horizontal surface 23-cm above the litter floor. The light intensity directly under the light (central point in the figure) was highest; and, as expected, the farther the location away from the central point, the lower the light intensity. The rate of decline (in units of percent per meter) for the LED light was 5 to 10% m −1 higher than that of the FL light along both the length and width directions, indicating a less-uniform light distribution. However, the magnitude of the spatial decline has rather trivial practical significance when considering the < 10 lux lighting environment. Nevertheless, the different patterns in spatial light intensity decline between the light types suggest the necessity of arranging LED vs. FL lights (e.g., distance between 2 lights) accordingly in order to achieve more uniform light distribution in the litter area. Table 1 shows the light intensity variations of both lighting regimens. The CV of relative light intensity of the LED houses was greater than that of the FL houses (P < 0.05), again indicating less spatial light uniformity of the LED lights. Light intensity in the lengthwise direction was more uniform than in the widthwise direction for both LED and FL houses because of compensation to the lengthwise light intensity decline by the adjacent lights.
LED Light Degradation
Compared to the new light, 3,360-hour-old LED lights had 27% less light intensity (drop from 542 to 393 lux). Majority of this drop was from the luminance decrease in the green light spectrum (Figure 7) . The light intensity degradation of the LED after 5,760-h use was similar (29% less) to that observed after 3,360-h use. The degradation rate encountered in the present study was higher than that previously reported by Benson et al. (2013) and Taylor (2005) ; however, both degradation rates seem considerably greater than FL lights (EERE, 2009), i.e., 20% drop per 10,000 h. The primary cause of LED lumen reduction is believed to arise from the heat at the LED junction, i.e., neck part (EERE, 2009; Meneghesso et al., 2010) . In the present study 11 out of 762 (1.44%) LED light lamps (new at onset of the study) in the 2 houses failed during the 15-month monitoring period. The faster illumination reduction and lamp failure of the LED light used in this study compared to others could be due to variations in the product quality. The often humid and dusty environment in the aviary hen houses might have exacerbated the light degradation. 
Temperatures of Light Cover, Lamp, Neck, and Holder
LED lights do not emit heat as infrared radiation, and the excess heat produced has to be dissipated through conduction or convection (EERE, 2009), which may result in overheat on certain light structures. There have been concerns about poorly designed LED lights being overheated and causing fire in animal houses. Some insurance companies even refuse to insure poultry houses with LED lights due to high-temperature and thus fire hazard concerns. In this study, it was found that the LED neck region was the hottest part of the light, and the measured temperatures were less than 60
• C ( Table 2) . The results thus indicate that overheating is unlikely to occur because the light base can tolerate up to 100
• C (personal communication with the cooperative egg producer).
The temperature of ceiling lights was generally lower than that of the hanging lights because the measurement was taken in winter when the ceiling temperature was lower than the room temperature, thus cooling the ceiling lights. The lamp temperature of the FL lights was about 20
• C higher than that of the LED lights. The temperatures of other parts including light cover, neck, and holder were similar between LED and FL lights. When used with covers the LED light lamps had lower temperatures than the FL light lamps. The LED light lamps without covers had the lowest temperature among all the light lamps. All the data are mean ± SE. For each parameter, the row means followed by different superscript letters ('a' and 'b') are significantly different (P < 0.05).
2 Horizontal surface area in the light distribution evaluation was 3.6-m long × 2.4-m wide.
3 H1, H2, H10, and H11 represent House 1, House 2, House 10, and House 11, respectively. Table 3 summarizes the hen production performance over the period of 20 to 70 wk age. Egg weight, hen-day egg production, feed use, and the cumulative mortality were similar between the FL and LED regimens. However, eggs per hen housed in the LED regimen averaged 13 lower than that in the FL regimen; and feed conversion was better in the FL regimen (1.99 ± 0.01) than in the LED regimen (2.03 ± 0.02) (P < 0.05). The eggs per hen housed was lowest in H2 (LED: 303) and highest in H11 (FL: 325). Other factors besides the light type might also have contributed to the differences in eggs per hen housed between the LED and FL houses. Compared with reference values for cage houses, except for the higher cumulative mortalities with the monitored aviary houses (6.51 ± 0.11% for LED and 6.68 ± 0.66% for FL vs the reference value of 4.20%), other parameters were similar.
Hen Production Performance
Weekly mortality in the 4 houses fluctuated between 0.05 and 0.25%, and higher weekly mortality occurred at 30 to 40 wk age. From 20 to 70 wk age, egg weight increased gradually, and stabilized at approximately 63 g from 35 wk age. Hen-day egg production increased greatly between 20 to 25 wk age, and then fluctuated around 93% until the end of the study. Feed use increased with hen age, fluctuating around 115 g (henday) −1 . Feed conversion improved with hen age, and from 25 wk age onward, feed conversion in the 4 houses remained 2.00 kg feed (kg egg) −1 .
Dust Accumulation Rate
Light management can affect animal activity (Calvet et al., 2009) 
Feather Condition
Light may affect feather pecking (FP) and preening behaviors (Klein et al., 2000) , thus the feather condition (Bilcik and Keeling, 1999) . Table 4 shows individual feather scores of different body parts and overall feather scores of the hens. Based on GENMOD procedure analysis, the visual scoring method shows that at 36 wk age, the LED light resulted in inferior feather condition in the back and rump compared to the FL Table 2 . Temperatures (
• C) of light cover, lamp, neck, and holder of light-emitting diode (LED) and fluorescent (FL) lights. 1 All values are mean ± SD, n = 2. 2 Score a to c (a = no or slight wear; b = featherless area < 5 cm; c = featherless area > 5 cm); score 0 to 2 represents the overall feather condition of laying hens (0 = good; 1 = moderate; 2 = poor).
(P < 0.05). Feather conditions of the head and neck, and belly parts, were not affected by the light type. At 60 wk age, hens in the LED houses had inferior feather condition in the head and neck and back and rump areas, but better feather condition in the belly area (P < 0.05). For overall feather scores that combine individual scores of 3 body parts, at 36 wk age, hens in the LED houses had inferior feather coverage compared to those in the FL houses (P < 0.05). However, at 60 wk age, the difference in feather condition between the FL and LED regimens was at the borderline of significance (P = 0.078).
From the visual scoring method, hens at 60 wk age showed more feather damage than those at 36 wk age (Table 4) . According to Keeling (1995) , FP can be divided into 2 categories, i.e., gentle and severe. Gentle FP does not result in feather damage while severe FP often results in feather pulling, damaging, and plucking. Huber-Eicher and Sebö (2001) reported that at an early-age gentle FP is prevalent, whereas more severe forms can develop later, resulting in more deteriorated plumage in older birds, consistent with our observations. Table 5 shows back temperature of the laying hens, determined by IR imaging. The CV value of back temperature reflects the feather uniformity of the hen, and temperature difference between hen back and indoor air reflects feather insulation of the hen. At 36 wk age, hens in the FL houses had more uniform back feather than those in the LED houses, although a 1% difference in CV may not translate tangible practical significance. No significant difference in temperature difference was detected between the light regimens (P = 0.972). At 60 wk age, hens under the LED had more uniform back feather but less feather insulation than those under the FL. Combining the results of 36 and 60 wk age, according to the IR imaging method, the LED light did not show benefits to improving feather conditions of the Dekalb white hens when compared to the FL light.
The back feather shown in the IR images corresponds to the back and rump part used in visual scoring to a certain degree. From our results, at 36 wk age, hens Table 5 . Average back temperature, CV of back temperature, and temperature difference (TD) between hen's back surface and the indoor air. All the data are mean ± SE. For each age, the row means followed by different uppercase ('A' and 'B') or lowercase ('a' and 'b') superscript letters are significantly different (P < 0.05).
2 Indoor air temperature corresponds to the time of feather evaluation. 3 LED = Light-emitting diode; and FL = Fluorescent light. 4 H1, H2, H10, and H11 represent House 1, House 2, House 10, and House 11, respectively. under the LED had worse back and rump visual scores and larger CV of the back temperature (reflecting less uniform back feather); at 60 wk age, hens under the LED had worse back and rump visual scores and much higher temperature difference (reflecting less feather insulation). Thus, both methods showed a somewhat inferior feather condition of the hens under the LED. Some LED manufacturers claim that LED lights make birds calmer and less aggressive; however, results of this study did not substantiate such claims. While the reason for the inferior feather condition in the LED regimen is unknown, one possibility is that different breeds of hens may respond to lighting conditions differently. Studies have reported that some hormones including progesterone and testosterone (Hughes, 1973; Cuthbertson, 1978) and neurotransmitters including noradrenaline, serotonin, and dopamine (Korte et al., 1997; Savory et al., 1999; Bilcik, 2000; van Hierden et al., 2002b) could influence FP. Further studies are needed to investigate dynamic hen behaviors and feather conditions of different breeds as influenced by LED lights. Table 6 shows avoidance distance of the hens from reaction to approaching human test at 36 and 60 wk age. A larger median (Graml et al., 2008) of avoidance distance was observed in the LED regimen at 36 wk age (P < 0.05), but no significant difference between the 2 lighting regimens at 60 wk age. The exact reason for the difference at the younger age was unclear. Ultimately, the LED and FL lights did not seem to appreciably affect the human-hen interactive relationships in this case.
Human-Animal Interaction
The Welfare Quality protocol specifies a 60-cm starting distance between the assessor and target hen (Welfare Quality, 2009 ). In our study, no birds extended their heads out of the colony at a distance of 60 cm from the assessor. This might be because the assessor was wearing a white overall during the test, which was different from the caretaker's normal blue coverall. Moreover, the hens could move much more freely in the aviary system than in a cage system, allowing them to react to human's approaching earlier and more quickly in the aviary system. In summary, light intensity distribution was less uniform in the LED houses than in the FL houses. After 3,360-h use, the LED light decreased 27% in light intensity and irradiated less green color light compared to the new light. Little additional degradation was noticed from 3,360 to 5,760-h use. Temperatures of both the LED and FL lights were less than 60
• C, hence overheating of the lights is unlikely. Egg weight, hen-day egg production, feed use, and mortality rate were similar between the LED and FL regimens; however, hens in the FL houses had higher eggs per hen housed and better feed conversion than those in the LED houses during 20 to 70 wk age (P < 0.05). Hens in the LED houses tended to have somewhat inferior feather conditions (less feather uniformity and insulation) than those in the FL houses (P < 0.05). Hens in the LED houses showed a larger median avoidance distance than those in FL houses at 36 wk age (P < 0.05) (3.55 m for LED vs 3.20 m for FL), but no difference at 60 wk age. Further studies are suggested to evaluate the impact of LED lighting on dynamic behaviors and well-being indicators of different hen breeds.
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